INTRODUCTION
Testicular failure is characterized by impairment of the endocrine (testosterone (T) production) and/or exocrine (sperm production) functions of the testis. The phenotype of primary exocrine testicular failure is impaired spermatogenesis leading to male infertility. Spermatogenic failure may result from hypothalamic, pituitary or testicular disorders. Specific and effective medical treatment is available for men with gonadotropin deficiencies, but such patients are rare. The more common variant of severe male infertility is primary testicular failure, which is characterized by normal or low serum T and elevated or normal serum follicle-stimulating hormone (FSH) levels. In most of these men, no specific cause of spermatogenic failure that could be targeted by medical therapy is identifiable. As a consequence, various empirical medical treatments are often used to treat idiopathic male infertility, with limited success. Specific medical therapy for low serum T levels associated with increased aromatase activity (relatively elevated estradiol levels) has also been reported. A comprehensive workup for men with infertility using semen analyses, hormonal studies, genetic and radiological evaluation is necessary in order to identify men who will benefit from medical therapy and assisted reproductive technologies should be reserved for those who do not respond favorably.
HORMONAL TREATMENT

Gonadotropins
A low serum FSH, luteinizing hormone and T indicate hypogonadotropic hypogonadism (HH) that may be idiopathic (IHH), or due to congenital gonadotropin-releasing hormone (GnRH) deficiency (e.g., Kallmann's syndrome) or due to identifiable lesions in the hypothalamo-pituitary axis including or a wide range of acquired causations (pituitary adenoma, other central nervous system tumors, systemic diseases such as hemochromatoisis and sarcoidosis). In some cases, diagnosis and treatment of these underlying conditions may improve testicular function while also providing additional health benefits.
Spermatogenesis may be restored in most HH men with gonadotropin replacement therapy.
1 Gonadotropin therapy and pulsatile GnRH are highly effective in inducing spermatogenesis in men with HH. The two therapies do not appear to differ in the time to first appearance of sperm, sperm densities or pregnancy rates; 2,3 however, because of the cumbersome nature of wearing a continuous infusion pump (subcutaneous), few centers use pulsatile GnRH therapy.
Gonadotropin deficiency is conventionally treated with human chorionic gonadotropin (hCG) (as an luteinizing hormone substitute; 1500-2000 IU 2-3 times a week subcutaneously) alone or combined with FSH in the form of menopausal gonadotropin (75 IU subcutaneously 2-3 times weekly) or recombinant human FSH (100-150 IU 2-3 times weekly) (rhFSH). Typically, luteinizing hormone deficiency is corrected first by administration of hCG, the dose being adjusted to achieve a nadir T level measured 48 h after hCG injection in the midnormal range. If after 4-6 months of hCG, no sperm is detected in the semen, supplemental treatment with recombinant or highly purified human FSH is initiated. 4 This regimen may take up to 1-2 years to achieve its maximum effect on sperm production.
The efficacy of combination treatment with rhFSH and hCG to restore fertility in men with HH is supported by substantial clinical evidence. In one prospective observational study, average testicular volume increased from 4.1 to 12.4 ml and the mean total motile sperm count increased from zero to 4.8 million. 5 Men with postpubertal onset of HH are more likely to respond to hCG alone with re-initiation of spermatogenesis than those with prepubertal onset who are likely to require addition of FSH.
Warne et al. 4 showed that rhFSH combined with hCG is effective for the restoration of fertility in the majority of men with HH. In a study of 81 men with HH, who remained azoospermic but achieved normal serum T concentrations after hCG pretreatment, 68 (84.0%) achieved spermatogenesis and 56 (69.1%) achieved spermatozoa concentrations o 1.5310 6 ml 21 . They identified that men with large baseline mean testicular volume, low body mass index and advanced sexual maturity were predictors of good response to therapy. In another smaller study with 21 men, Matsumoto et al. 7 showed that long-term treatment of azoospermic HH men using rhFSH and hCG is effective for stimulating spermatogenesis and is well-tolerated. 7 In 2003, a multicenter, open-label, phase III, randomized efficacy and safety study 8 was performed with combined hCG and rhFSH treatment to induce spermatogenesis in men with HH. A weekly dose of 450 IU (33150 or 23225 IU) rhFSH, in addition to hCG, was able to induce spermatogenesis in many hypogonadotropic azoospermic men who failed to respond to treatment with hCG alone. Treatment time necessary for first sperm cells to appear in the ejaculate was related to the initial testicular volume.
The best predictors of response to gonadotropin therapy are testicular volume and time of onset of gonadotropin deficiency (pre-or postpubertal). 9, 10 Those with testicular volumes greater than 8 ml, reflecting less severe gonadotropin deficiency, and those with postpubertal onset of gonadotropin deficiency are more likely to respond than those with testicular volumes less than 4 ml and prepubertal onset. 9, 10 Cryptorchidism requiring orchidopexy has a negative prognostic effect on spermatogenic induction in IHH. 11 Even the limited testicular volume seen in men with IHH, it is interesting to speculate whether hCG used during puberty may induce a greater spermatogenic potential and testicular growth.
Pulsatile GnRH administration can be typically started with an initial dose of 25 ng kg 21 per pulse administered subcutaneously every 2 h by a portable infusion pump. 10 The dose of GnRH is adjusted until the serum T level is in the mid-normal range. Doses ranging from 25 to 200 ng kg 21 may be required to induce virilization. 10 After successful induction of secondary sex characteristics, the GnRH dose can be reduced. Gonadal function can be maintained in a majority of HH men by pulsatile GnRH therapy. 10 In men without demonstrable HH, there is little evidence to support the use of gonadotropin therapy. However, there is some rationale and limited evidence for the use of rhFSH in some situations. One clinical trial suggested that administration of rhFSH may be effective in a subset of patients with idiopathic oligoasthenozoospermia. Foresta et al. randomized 112 oliogoasthenozoospermic patients to treatment with 100 U of rhFSH every other day for 3 months or non-treatment. 12 Overall, the treated cohort showed no benefit. However, a subgroup analysis identified a group of treatment responders in whom seminal parameters improved and the unassisted pregnancy rate was significantly better than the nonresponders or the untreated group. The responders were patients who had cytological evidence of hypospermatogenesis on a fine needle aspiration. While the majority of men with primary testicular failure have elevated FSH, some men with spermatogenic failure such as those with maturation arrest histology can also have normal FSH and might be candidates for empirical therapy, but this ought be considered experimental until evidence from further placebocontrolled trials can provide supporting evidence.
FSH receptor gene polymorphisms have been studied as potential risk factors for spermatogenetic failure and may ultimately enable selection of men with primary testicular failure who are more likely to benefit from rhFSH therapy. Selice et al. 13 evaluated the response of FSH treatment in terms of sperm production on the basis of polymorphisms in the FSH receptor and showed that only subjects with at least one serine in position 680 showed a statistically significant increase in these sperm parameters. The analysis of this gene could represent a pharmacogenetic approach to the treatment of male infertility, but this approach must be validated by other investigators prior to being incorporated into clinical practice.
Dopamine receptor agonists
If a prolactin-secreting pituitary macro-or micro-adenoma is identified during evaluation of HH, then medical treatment with a dopamine receptor agonist is indicated. Cabergoline (0.125-1.0 mg twice weekly) is the preferred agent because it has the highest efficacy in normalizing prolactin levels and shrinking prolactin-secreting tumors, though bromocriptine is less expensive and also effective despite a higher risk of side effects. Reversal of infertility with dopamine agonist therapy occurs in 53% of cases. 14 
Anti-estrogens
Before the introduction of intracytoplasmic sperm injection, treatment options for idiopathic male factor subfertility were mainly based on anti-estrogens. Anti-estrogen therapy has been popular due to the safety, low cost and ease of administration. Clomiphene and tamoxifen are estrogen receptor modulators with predominant antagonist activity that block negative feedback exerted by estrogen at the hypothalamus and anterior pituitary. The result is increased pituitary gonadotropin production that could stimulate both testicular production of T and spermatogenesis.
A meta-analysis evaluated 738 subfertile males with oligoasthenozoospermia who were exposed to short-term treatment protocols by anti-estrogens. 15 The pregnancy rate was 15.4% in the patient group versus 12.5% in the control group (odds ratio: 1.56; 95% CI: 0.99-2.19). The authors concluded that there is no enough evidence to support the value of anti-estrogens in the management of oligoasthenozoospermia. Unfortunately, many relevant well-designed clinical trials of clomiphene and tamoxifen for male subfertility have been performed in combination with other agents. The efficacy of each agent alone is not established. A randomized controlled trial 16 of daily clomiphene (25 mg) plus vitamin E (400 mg) in men with idiopathic oligoasthenozoospermia demonstrated the efficacy of this regimen over placebo in improving total sperm count, forward progressive motility, and unassisted pregnancy rate (37% versus 13%, P50.04) but only involved 30 couples in each limb with borderline significant odds ratio for pregnancy (odds ratio: 3.76; 95% CI: 1.03-13.64). In a case series from three international centers, comprising 42 patients with non-obstructive azoospermia, 64% of patients responded to clomiphene citrate and produced sperm in the ejaculate, sufficient for intracytoplasmic sperm injection. The study group included cases of maturation arrest (43%) and hypospermatogenesis (57%), and no cases of Sertoli cell-only syndrome. The dose of clomiphene citrate was titrated to achieve a serum T level between 600 and 800 ng dl 21 (20-24 nmol l 21 ). The post-treatment sperm concentration ranged from 1 to 16 million sperm/ml (mean: 3.8). 17 Since no control group was evaluated, no treatment-related effect on sperm concentration can be established.
Aromatase inhibitors Aromatase inhibitors decrease the conversion of the androgens (T and androstenedione) to estrogens (estradiol and estrone), thereby
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increasing serum androgen levels. The mechanism of increasing T is likely by decreasing feedback inhibition of pituitary and hypothalamus, effecting greater gonadotropin release. 18 Administration of aromatase inhibitors such as testolactone and anastrozole restores the T/E 2 ratio to normal and has been suggested to significantly improve semen parameters in oligozoospermic men, including sperm concentration and motility. 18, 19 However, neither of these studies was a placebo-controlled randomized study design, but was rather single open limb design, one involving subgroups selected with arbitrarily defined 'high E/T' ratios. Fertile men have mean T (ng dl 21 )/E 2 (pg ml 21 ) ratios of 14.561.2, whereas men with non-obstructive azoospermia have a T/E 2 ratios of 6.960.6 19 and men with Klinefelter's syndrome a T/E 2 ratio of 4.460.5. 18 Therefore, it appears that at least a small subset of male infertility patients with elevated serum estradiol levels may benefit from treatment with an aromatase inhibitor (anastrazole 1 mg daily, testalactone 100-200 mg daily or other aromatase inhibitors). 18 Candidates for aromatase inhibition have usually been identified as men with serum T/E ratios ,10.
19 Men with Klinefelter's syndrome seem to benefit more from the administration of testolactone rather than anastrozole; 20 however, testolactone is not commercially available in the United States. The effectiveness of aromatase inhibition suggests that aromatase activity from Leydig cell hyperplasia may be responsible for increased T to estradiol conversion and impaired semen parameters. 18 ANTIOXIDANT THERAPY Infertile men have higher levels of seminal reactive oxygen species than fertile men. 21 High levels of semen reactive oxygen species are associated sperm dysfunction, sperm DNA damage and reduced male reproductive potential. This observation has led clinicians to treat infertile men with antioxidant supplements. A variety of clinical studies, the majority of which are poorly designed, suggest that dietary antioxidant supplements are beneficial in terms of improving sperm function and DNA integrity. [22] [23] [24] However, the exact mechanism of action of dietary antioxidants and the optimal dietary supplement has not been established. 25 There are no placebo-controlled trials that have demonstrated a significantly higher unassisted pregnancy rate when the male partner of a subfertile couple is treated with empiric antioxidant therapy. 5, 26 A beneficial effect of in vitro antioxidant supplements in protecting spermatozoa from exogenous oxidants has been demonstrated in most studies; however, the benefits, if any of these antioxidants in protecting sperm from endogenous reactive oxygen species, gentle sperm processing and cryopreservation, have not been conclusively established. 27, 28 Interestingly, a recent Cochrane Collaboration meta-analysis 29 showed statistically significant four to fivefold increases in the pregnancy and live birth rates among subfertile men using assisted reproduction who are treated with antioxidants. No such meta-analysis has been done for antioxidant therapy of subfertile men attempting to conceive naturally. Unfortunately, this meta-analysis could not identify the specific agents or dosage to recommend for treatment of infertile men. Current literature suggests that carnitines and vitamin C and E have been shown to be effective for improvements in semen analysis parameters by many well-conducted studies and may be considered as a treatment option. [30] [31] [32] A systematic review 33 analyzed 17 randomized trials, including a total of 1665 men who were treated with antioxidants. Despite the methodological and clinical heterogeneity, 14 of the 17 (82%) trials showed an improvement in either sperm quality or pregnancy rate after antioxidant therapy. Six of 10 trials showed a significant improvement in pregnancy rate after antioxidant therapy. 33 There is, however, a need for further investigation with randomized controlled studies to confirm the efficacy and safety of antioxidant supplementation in the medical treatment of spermatogenic failure (decreased sperm count) as well as the need to determine the ideal dose of each compound to improve semen parameters, fertilization rates and pregnancy outcomes. Choices of therapy should therefore be based upon physician experience and patient preference. Although the beneficial effect on fertility remains to be established, zinc, folate and herbal remedies 22, [34] [35] [36] are used by patients and practitioners alike to improve semen quality. These supplements need to be used with caution until evidence is clearly established.
CONCLUSION
In many subfertile couples, there are no identifiable female factors and either no modifiable male factors are identifiable, or subfertility persists despite treatment of an identified male factor. Medical treatment could enhance natural conception or improve outcomes with assisted reproduction. However, medical therapy should not be used in patients with known genetic factors such as karyotype anomalies or Y chromosome deletion. Therefore, it is essential to perform a complete diagnostic workup of the male before deciding on which men will respond to medical therapy and those who need to be referred to assisted reproduction. Couples who elect to proceed with empiric medical treatment must be counseled that such treatment may be ineffective and could lead to delays in assisted reproduction that may adversely affect outcome.
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